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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCFOPTION 



[Detailed Description of the Invention] 
[Industrial Application] 

This invention is used for the linearity sending set of a high-frequency band It is related with the 
linearity sending set to which the average level of a transmitting output can be changed 
especially. 

This invention controls the output of a high-frequency power amplifier to adjustable by carrying 
out the multiplication of the direct current to envelope level in the output adjustable sending set 
which controls the bias voltage of a high-frequency power amplifier according to the envelope 
level of a modulated wave. 
[Description of the Prior Art] 

The RF power amplifier (only henceforth "power amplifier") of Class A thru/or AB class is used 
from the former as the sending set of a RF band, especially a linearity sending set which 
transmits a line-type-modulation wave. In such a linearity sending set, an output level can be 
easily changed by changing the input level of power amplifier. However, when the power amplifier 
of Class A or AB class is used and amplitude change of an envelope amplifies a large modulated 
wave, in the field of low amplitude, power efficiency declines remarkably. 
In order to solve this fault and to improve the power efficiency of a linearity sending set, 
invention-in-this-application persons invented the drain armature-voltage control method for 
changing the drain electrical potential difference or collector voltage of power amplifier according 
to the envelope of an input signal, and already did patent application (JP,62-274906,A, Japanese 
Patent Application No. 1-168723). The example of a configuration is shown in Fig. 19. 
The inphase envelope component of the signal which it is going to transmit, and a rectangular 
envelope component are inputted into the modulation input terminals 1 and 2, respectively. It 
becomes irregular by the subcarrier to which these input signals are supplied from a carrier 
oscillator 4, and the quadrature modulation machine 3 generates a modulated wave. The power 
amplifier 5 of a saturation form is equipped with a field-effect transistor as an amplifier, supplies 
the line-type-modulation wave inputted from the quadrature modulation machine 3 to the base 
of a field-effect transistor through an input matching circuit, and outputs the amplified signal 
which is acquired by the drain to the transmitting output terminal 6 through an output matching 
circuit. 

The inphase envelope component and the rectangular envelope component which were inputted 
into the modulation input terminals 1 and 2 are supplied to the envelope generation circuit 7 
again. This envelope generation circuit 7 generates the envelope of a modulated wave from two 
envelope components, and supplies this to the armature-voltage control circuit 10. 
The armature-voltage control circuit 10 is constituted by a DC to DC converter or the series 
control transistor, adjusts the supply voltage inputted into the power supply terminal 1 1 
according to the signal from the envelope generation circuit 7, and controls the drain electrical 
potential difference VD of the field-effect transistor in power amplifier 5. 

Thus, the bias voltage of power amplifier 5 is controlled according to the envelope generated by 
the envelope generation circuit 7, and the output swing of the transmitting output terminal 6 is 
made to follow the envelope of an input signal. Thereby, linear amplification actuation can be 
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transmitting output at the time of an on-off change-over can be stopped, and a sending set with 

little active jamming to the adjoining communication channel can be realized. 

[Example] 

Hg> 1 is a block block diagram showing the output adjustable sending set of the first example of 
this invention. 

The inphase envelope component and the rectangular envelope component of a signal which 
should transmit this example equipment are inputted into the modulation input terminals 1 and 2, 
respectively. It has the quadrature modulation machine 3 and a carrier oscillator 4 as a 
quadrature modulation means to generate a modulated wave by these two envelope components. 
It has the power amplifier 5 of a saturation form as high-frequency amplifier which amplifies this 
modulated wave. It has the envelope generation circuit 7 as a means to generate an envelope 
from the inphase envelope component of the modulation input terminals 1 and 2, and a 
rectangular envelope component, and has the armature-voltage control circuit 1 0 as a bias 
control means which controls the bias voltage of power amplifier 5 by output-signal level of this 
envelope generation circuit 7. 

As power amplifier 5, a grounded source or the emitter-grounded semi-conductor amplifier is 
used The following explanation explains the case where the field-effect transistor by which the 
grounded source was carried out is used to an example. 

The place by which it is characterized [ of this example ] here considers as an input the signal 
(henceforth a "output-level assignment signal") which sets up the average output level of the 
power amplifier 5 from the assignment signal input terminal 12, and is to have had the multiple- 
value direct current signal generating circuit 80 which generates the direct current signal 
corresponding to that input value, and the multiplication circuit 9 which carries out the 
multiplication of the output of this multiple-value direct current signal generating circuit 80 to 
the output envelope of the envelope generation circuit 7. 

By inphase envelope component I (t) inputted from the modulation input terminals 1 and 2, and 
rectangular envelope component Q (t), the quadrature modulation machine 3 modulates the 
subcarrier cos (2pifct) supplied from the carrier oscillator 4, and outputs modulated wave S (t). 
When, and the envelope of modulated wave S (t) is set to R (t) and a phase is set to phi (t), they 
are I (t) and Q (t). I(t) =R (t) cosphi (t) 
Q(t) =R (t) sinphi (t) 

It can express. At this time S (t) S(t) =R (t) cos (2pi fct+phi (t)) 

It becomes, R (t) — I (t) and Q (t) ~ receiving ~ R ~ (~ t ~) — = ~ I — (~ t ~) ~ 
two — + — Q — ( — t — ) — two — 1 — one — / — two — relation — it is . 
The envelope generation circuit 7 asks for R (t) based on an above-mentioned formula. There 
are an approach on the memory table using the read-only memory as the approach and an 
approach using a floating point unit. The envelope signal with which it is outputted in any case is 
a digital signal. 

The output-level assignment signal corresponding to the transmitting output level which it is 
going to output to the transmitting output terminal 6 is inputted into the assignment signal input 
terminal 1 2. The multiple-value direct current signal generating circuit 80 generates a direct 
current signal according to this output-level assignment signal. This direct current signal is 
called "output-control signal" below. 

Fig. 2 is a circuit diagram showing an example of the multiple-value direct current signal 
generating circuit 80. Here, the example constituted from an analog circuit is shown. 
The noninverting input of an operational amplifier 803 is connected to a constant voltage power 
supply 801, and a reversal input is grounded through resistance 802. The output of an 
operational amplifier 803 is connected to the multiplication circuit 9 ( 1 st [ ] Fig. R> Fig.) 
through an output terminal 805. The output and reversal input of an operational amplifier 803 are 
connected through the feedback resisters R1-Rn chosen by the switch 804. A switch 804 is 
controlled by the output-level assignment signal supplied from the assignment signal input 
terminal 12, and chooses either of the feedback resisters R1-Rn. Thereby, direct-current gain 
changes and the direct current signal of a multiple value can be generated in an output terminal 
805. 
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Moreover, the multiple-value direct current signal generating circuit 80 can also be constituted 
from a digital circuit, for example, it can constitute using the memory of a read-only memory and 
others. That is, the binary number according to an output level is memorized as a memory table, 
and the value corresponding to an output-level assignment signal is read from memory, and is 
outputted. An example of a memory table is shown in the 1st table. The data showing a direct 
current of an octal can be outputted in this example. 

^ 1 ^ 
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The multiplication circuit 9 carries out the multiplication of the output of the envelope 
generation circuit 7, and the output of the multiple-value direct current signal generating circuit 
80. The signal which is proportional to the output of the multiplication circuit 9 at the envelope 
of a modulated wave is acquired by this, and, moreover, the average changes according to a 
transmitting output. The armature-voltage control circuit 10 changes the drain bias voltage VD 
of power amplifier 5 according to the output of this multiplication circuit 9. Consequently, the 
drain bias voltage VD is proportional to the envelope of a modulated wave, and the average 
changes according to a transmitting output. 

Thus, modulated wave S (t) which is the output of the quadrature modulation machine 3 is 
inputted into power amplifier 5, and the drain electrical potential difference VD is controlled in 
proportion to an envelope. Furthermore, according to a transmitting output level, the average of 
the drain electrical potential difference VD changes. Therefore, power amplifier 5 can be 
amplified linearly, maintaining an efficient saturation state, and, moreover, can make a 
transmitting output level adjustable. 

Any of a digital multiplier and an analog multiplier can also be used as a multiplication circuit 9. 
The example which used the digital multiplier is shown in Fig. 3 , and the example which used the 
analog multiplier for Fig. 4 is shown. 

With the configuration shown in Fig. 3 , the multiplication of the output of the multiple-value 
direct current signal generating circuit 80 is carried out to the digital envelope signal which the 
envelope generation circuit 7 outputted with a digital multiplier 21. The output of a digital 
multiplier 21 is supplied to the armature-voltage control circuit 10 through a digital to analog 
converter 22. 

With the configuration shown in Fig, 4 , the output of the envelope generation circuit 7 is 
supplied to an analog multiplier 32 through a digital to analog converter 31. An analog multiplier 
32 carries out the multiplication of the output of the multiple-value direct current signal 
generating circuit 80 to an analog envelope signal, and supplies it to the armature-voltage 
control circuit 1 0. 
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Fig- 5 is drawing showing the input-output behavioral characteristics of power amplifier, and 
shows the locus of the operating point when controlling the bias of power amplifier 5 ( Fig. 1 ) by 
the drain electrical potential difference VD from which an average value differs. From this 
drawing, by changing the average of the drain electrical potential difference VD shows that an 
average output changes from a to b. Therefore, a transmitting output level can be made 
adjustable also with the sending set of the drain armature-voltage control form which amplifies 
linearly while maintaining an efficient saturation state by changing the average of the drain 
electrical potential difference VD according to a transmitting output level. 

Fig. 6 is a block block diagram showing the output acfjustable sending set of the second example 
of this invention. 

The point which amends the signal with which this example equipment was outputted from the 
multiplication circuit 9 in the amendment circuit 41 differs from the first example. 
When drain control performs linearity it may not necessarily be optimal to control a drain 

by the nonlinearity of the drain electrical-potential-difference pair output characteristics of the 
power amplifier 5 of a saturation form by the signal proportional to an envelope. An example of 
the nonlinear characteristic of drain electrical-potential-difference pair output characteristics is 
shown in Fig. 7 . In such a case, the distortion in a transmitting output can be reduced by 
amending the signal for drain control according to a nonlinear characteristic. 
As an amendment circuit 41, the configuration by the analog circuit and the configuration by 
digital circuits, such as a memory table using a read-only memory, can be considered. When 
amending in an analog circuit, as shown in Fig. 6 , the amendment circuit 41 is connected to the 
output of a multiplier 9. On the other hand, when using a digital circuit, an amendment circuit is 
inserted between the digital multiplication circuits 21 and digital to analog converters 22 which 
were shown in Fig. 3 . 

Fig- 8 is a block block diagram showing the output acjjustable sending set of the third example of 
this invention. 

It differs from the first example and the second example in that this example attenuates the 
Input of power amplifier 5 according to a transmitting output level. 

With the configuration of the first example or the second example, if the drain electrical potential 
difference VD of power amplifier 5 is made small according to the transmitting output level, the 
input of power amplifier 5 may become excessive and distortion may increase in an output. So, 
variable attenuator 51 is inserted between the quadrature modulation machine 3 and power 
amplifier 5, and it controls by this example so that distortion of a transmitting output serves as 
the minimum. 

Variable attenuator 51 is for reducing distortion, and this very thing is not for making a 
transmitting output level adjustable. It differs from the input attenuator used for the linearity 
sending set using conventional Class A or a conventional class AB amplifier at this point. 
Fig,_9 is a block block diagram showing the output adjustable sending set of the fourth example 
of this invention. 

Having used the multiple-value direct current signal generating circuit 81 which replaces this 
example with the multiple-value direct current signal generating circuit 80, and includes an on- 
off means for switching differs from the first example. That is, an on-off control signal is inputted 
into the control signal input terminal 1 3, and this is supplied to the multiple-value direct current 
signal generating circuit 81 with the output-level assignment signal from the assignment signal 
input terminal 1 2. 

When an on-off control signal is OFF. except for setting an output-control signal to "0", the 
configuration of the multiple-value direct current signal generating circuit 81 is equivalent to the 
multiple-value direct current signal generating circuit 80 in an above-mentioned example, and 
can realize either of a digital circuit and an analog circuit. 

In constituting the multiple-value direct current signal generating circuit 81 from a digital circuit, 
it uses the memory table by the read-only memory. That is, an on-off control signal and a k-bit 
output-level assignment signal are inputted into the address input of a read-only memory, and 
"0" is read when an on-off control signal is OFF. An example of this memory table is shown in 
the 2nd table, and the wave of each signal is shown in Fig. 1 0. This example is a thing when being 
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referred to as k= 2, and an output-control signal can take 22= 4 kinds of values, when an on-off 
control signal is ON. 
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It turns out that an output-control signal is set to "0" from the 2nd table and Fig. 10 when an 
on-off control signal is OFF, and the output-control signal according to an output-level 
assignment signal is outputted at the time of ON. 

Fig. 1 1 shows the circuit diagram in the case of constituting the multiple-value direct current 
signal generating circuit 81 from an analog circuit, and Fig. 12 shows the I/O signal wave form. 
The circuit shown in Fig. 1 1 differs from the multiple-value direct current signal generating 
circuit 80 which it showed in Fig. 2 that the nonlnverting input of an operational amplifier 803 is 
connected to either touch-down or the constant voltage power supply 801 through a switch 806. 
A change-over of a switch 806 is controlled by the on-off control signal from the control signal 
input terminal 1 3. 

By this configuration, according to an output-level assignment signal, either of the feedback 
resisters R1-Rn is chosen with a switch 804, direct-current gain is changed by this, and the 
output-control signal according to an output-level assignment signal is generated. Moreover, the 
input signal of an operational amplifier 803 is switched with an on-off control signal, and "0" is 
outputted when off. 

Fig. 1 3 is a block block diagram showing still more nearly another example of the multiple-value 
direct current signal generating circuit 81. 

With the configuration of the multiple-value direct current signal generating circuit 81 mentioned 
above, since ON and OFF are rapidly switched when performing a transmitting on-off action, the 
output spectrum of a sending set spreads at the moment of switching, and active jamming may 
be done to the communication link of an adjacent channel. In order to lessen this flare, it is 
desirable for a transmitting output to switch from ON to OFF or ON smoothly from OFF. 
So, in the example shown in Fig. 1 3, the signal which changes from a wave smoothly was written 
in the read-only memory 815, and the signal is read to the on-off transition period one by one 
using the edge detector 81 1, the timer 812. the sample clock generation circuit 813, and the 
counter 814. 

The edge detector 81 1 detects the switch to the ON from OFF and OFF from ON of an on-off 
control signal, and starts a timer 812 and a counter 814. A timer 812 supplies the clock from the 
sample clock generation circuit 813 to a counter 814 to n+1 piece. When an on-off control signal 
is turned on, a counter 814 starts counting at the moment, and carries out counting of from 0 to 
the n. Moreover, when an on-off control signal becomes off. counting is carried out from n to 0. 
The output of a counter 814 is inputted into a read-only memory 815 as an address input with a 
k-bit output-level assignment signal. Thereby, a read-only memory 815 outputs the output- 
control signal which changes with time amount to one output-level assignment signal. LI n is read 
in order and Lin, L1n-1, ~, L10 are read from L10 and LI 1 from the moment that followed, for 
example, ON and an off control signal are turned on when the output-level assignment signal was 
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1". — . the moment of becoming off conversely, in order. Consequently, a smooth output- 
control signal can be generated. 

The example of the memory table written in a read-only memory 815 is shown in the 3rd table, 
and the I/O signal wave form is shown in Fig. 14. It was referred to as n= 3 and k= 2 in this 
example^ 
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As shown in Fig. 14. when the enumerated data of a counter 814 are "0" in the circuit shown in 
Fig. 13, the output-control signal of OFF is read, and when enumerated data are "3", the output- 
control signal of ON is read. Moreover, when enumerated data are "1" or "2", the output-control 
signal of the magnitude between ON and OFF is read. Thus, the wave at the time of the switch 
between ON and OFF can be smoothed. Moreover, the flare of a frequency can be further 
stopped by using the function called a windowing function as an output-control signal of an on- 
off transition period. 

In the case of the example shown in Fig. 9 as well as the first example, any of a digital multiplier 
and an analog multiplier can also be used as a multiplication circuit 9. The example which used 
the digital multiplier is shown in Fig. 1 5, and the example which used the analog multiplier for Fig. 
1 6 is shown. 

Fig. 1 7 is a block block diagram showing the fifth example of this invention, and Fig. 1 8 is a block 
block diagram showing the sixth example. 

The point which amends the signal with which the fifth example was outputted from the 
multiplication circuit 9 like the second example in the amendment circuit 41 differs from the 
fourth example. Moreover, it differs from the fourth example in that the sixth example attenuates 
the input of power amplifier 5 according to a transmitting output level like the third example. 
[Effect of the Invention] 

As explained above, the output adjustable sending set of this invention can make an output level 
adjustable easily in the linearity sending set of a drain armature-voltage control form, maintaining 
high power efficiency. Moreover, also when an output level is made adjustable with the amplifier 
of a drain power control form, the distortion in a transmitting output can be kept low. 
Furthermore, a switch of transmitting turning on and off can also be performed easily, and the 
flare of the output spectrum by transmitting turning on and off can be stopped. 
The demand of this invention to distortion of power consumption and an output is severe, and it 
is used for the radio communication equipment for the application for mobile communication 
which moreover needs to make a transmitting output adjustable, for example, an object, and 
satellite communication, and has big effectiveness especially. 



[Translation done.] 
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